The role of RhoA kinase (ROCK) in cell alignment on nanofibers.
While the potential of nanofibers as tissue engineering scaffolds has been demonstrated, very little has been revealed as regards the molecular mechanism by which cells sense and respond to nanofibers. It was hypothesized that RhoA kinase (ROCK), one of the vital cell tension signaling cascades, plays a role in regulating cell alignment on nanofibers. To test this, unidirectionally aligned and randomly distributed nanofibers, both with an average diameter of ∼130nm, were fabricated with poly(l-lactic acid) (PLLA). A flat PLLA film was used as the control. Mesenchymal stem cells (MSCs, C3H10T1/2) displayed high fidelity in cell orientation along aligned nanofibers, and showed an increased cell spreading area on random nanofibers. Interestingly, cells cultured on aligned nanofibers displayed significantly greater ROCK expression relative to cells on a flat surface, as assessed by immunoblotting. To further test the role of ROCK, MSCs with ROCK small hairpin RNA (shRNA) were established. It is notable that, even when ROCK was stably knocked down via shRNA, cells could still display preferred orientation along aligned nanofibers. However, MSCs with shRNA-ROCK displayed a significantly decreased cell major axis length following aligned nanofibers compared with shRNA vector control, suggesting that ROCK may be involved in cell elongation on aligned nanofibers. Along with the reduction in cell length, cell area was decreased with ROCK silencing. These cell morphological changes induced by shRNA-ROCK were generally maintained on a flat surface and random nanofibers. A pharmacological ROCK inhibitor, Y-27632, produced results similar to those of shRNA-ROCK. The data on the role of ROCK in regulating cell alignment on nanofibers may provide a new mechanistic insight into nanofiber control of cells.